The lipid mediator platelet-activating factor (PAF) and oxidized glycerophosphocholine PAF agonists produced by ultraviolet B (UVB) have been demonstrated to play a pivotal role in UVBmediated processes, from acute inflammation to delayed systemic immunosuppression. Recent studies have provided evidence that microvesicle particles (MVPs) are released from cells in response to various signals including stressors. Importantly, these small membrane fragments can interact with various cell types by delivering bioactive molecules. The present studies were designed to test if UVB radiation can generate MVP release from epithelial cells, and the potential role of PAF receptor (PAF-R) signaling in this process. We demonstrate that UVB irradiation of the human keratinocyte-derived cell line HaCaT resulted in the release of MVPs. Similarly, treatment of HaCaT cells with the PAF-R agonist carbamoyl PAF also generated equivalent amounts of MVP release. Of note, pretreatment of HaCaT cells with antioxidants blocked MVP release from UVB but not PAF-R agonist N-methyl carbamyl PAF (CPAF). Importantly, UVB irradiation of the PAF-R-negative human epithelial cell line KB and KB transduced with functional PAF-Rs resulted in MVP release only in PAF-R-positive cells. These studies demonstrate that UVB can generate MVPs in vitro and that PAF-R signaling appears important in this process.
INTRODUCTION
Ultraviolet B (290-320 nm; UVB) exposure found in sunlight mediates biological processes ranging from vitamin D metabolism to the generation of inflammatory responses and skin cancer in humans (1, 2) . UVB damages DNA and has toxic effects upon cell types including keratinocytes. Through its ability to act as a pro-oxidative stressor, UVB can also generate the lipid mediator platelet-activating factor (1-alkyl-2-acetyl glycerophosphocholine; PAF) (3) (4) (5) . PAF exerts its effects via a single G-protein coupled transmembrane receptor (PAF-R) which is widely expressed on many cell types including keratinocytes (6, 7) . Activation of the epidermal PAF-R results in similar signaling pathways as UVB itself, suggesting that many of UVB-mediated effects are either mediated via the PAF-R, or can be modulated by concomitant PAF-R activation (8, 9) .
Microvesicle particles (MVP) are small membrane-bound vesicles released by numerous cell types and can be found in the circulation (10, 11) . MVPs can contain both nuclear and cytoplasmic components and are thought to provide a mechanism by which cells transmit signals systemically (12) (13) (14) (15) . Microvesicle particles are 200-1000 nm in diameter and differ from smaller (40-200 nm) exosomes. A previous study showed that exosomes secreted by keratinocytes enhance melanin synthesis by increasing both the expression and activity of melanosomal proteins. It has been shown that the function of keratinocyte-derived exosomes is phototype-dependent and is modulated by UVB (16) . However, it is unclear whether UVB induces MVP release from keratinocytes and if the PAF-R is involved in this process.
In the current studies, we used a keratinocyte-derived cell line and epithelial carcinoma cell line to demonstrate that both UVB and PAF-R activation generate MVPs, and that UVBmediated MVP formation involves the PAF-R. These studies provide a potential mechanism by which UVB can transmit systemic signals.
MATERIAL AND METHODS

Reagents and UVB irradiation source
All chemicals were obtained from Sigma-Aldrich (St. Louis, MO) unless indicated otherwise. As previously reported, our UV source was a Philips F20T12/UVB lamp (9) . The intensity of the UVB source was measured before each experiment using an IL1700 radiometer and a SED240 UVB detector (International Light) at a distance of 8 cm from the UVB source to the cells.
Cells and cell culture
The keratinocyte-derived cell line HaCaT and the human epithelial cell line KB were grown in Dulbecco's modified Eagle's medium (Hyclone, Logan, UT) supplemented with 10% fetal bovine serum (Hyclone, Logan, UT) as previously described (9, 17, 18) . KB cells are a human nasopharyngeal carcinoma cell line that we have previously demonstrated are PAF-R-negative. PAF-R-negative KB cells were rendered PAF-R-positive (KBP) by transducing the MSCV2.1 retrovirus encoding the human leukocyte PAF-R as described previously (9, 19) and compared with KB cells transduced with the vector alone (KBM).
Cell treatments
HaCaT or KB cells were grown in 10 cm dishes until confluent (HaCaT) or approximately 50% confluent (KB). Media was removed and cells washed three times with HBSS, and then 2ml of pre-warmed (37 °C) HBSS with 10mg/ml fatty acid-free BSA was added. The plates were then treated with UVB at various fluences or no UVB (sham). In some experiments the cells were treated with various concentrations of the metabolically stable PAF-R agonist Nmethyl carbamyl PAF (CPAF) or 0.1% ethanol vehicle in HBSS with BSA. Other experiments used preincubation of HaCaT cells for one hour with 0.5mM each of the antioxidants N-acetylcysteine (NAC) and ascorbic acid (Vitamin C), before addition of CPAF or treatment with UVB. Cells were incubated for various times at (37 °C) and the supernatants removed. Cell numbers were determined using a particle counter (Coulter), and HaCaT cell numbers ranged from 12-19 × 10 6 cells/plate, and KB cells from 2-8 × 10 6 cells/ plate.
Isolation and Measurement of MVPs
MVPs were collected from culture medium as previously described with slight modifications (20, 21) . In brief, cell culture medium was collected and centrifuged at 2000 g for 20 mins to remove cells and debris. Then, the supernatant was collected and transferred to a new tube for centrifugation at 20,000 g for 70 min. The resulted pellet was the isolated MVPs. The concentration of the MVP was detected by using a NanoSight NS300 instrument (NanoSight Ltd). Three 60-second videos were recorded of each sample with camera level and detection threshold set at 10. Temperature was monitored throughout the measurements. Videos recorded for each sample were analyzed with NTA software version 3.0 to determine the concentration and size of measured particles with corresponding standard error. The concentration of MVPs was described as the number of MVPs per mL of culture medium.
RESULTS AND DISCUSSION
There has been renewed interest in MVP as potential signaling molecules. Though many stressors have been shown to generate MVP, the ability of UVB to induce their formation and release has not been defined. Thus, our first studies tested whether UVB irradiation can generate MVPs. As shown in Fig. 1A , UVB treatment of HaCaT cells resulted in the increased levels of MVP generation at 4 hrs. Of interest, we did not see consistent changes in levels of smaller exosomes in HaCaT cells following UVB (data not shown).
While the role of the PAF system in mediating various processes including UVB-induced acute inflammation as well as delayed systemic immunosuppression has been extensively studied (8, 19, 22) , it is not known whether PAF is involved in UVB-induced MVP formation. Given that HaCaT cells express functional PAF-Rs (17), our first studies tested the ability of the non-metabolizable PAF-R agonist CPAF to generate MVP formation. As shown in Fig.  1B , CPAF treatment resulted in MVP formation in a dose-dependent manner. Of interest, high doses of CPAF (1 μM) actually resulted in a decreased response. This paradoxical effect of decreased PAF-R activation upon high levels of agonist has been previously described in other systems (23) . The exact mechanism for this is unclear, but, could be due to competing (low-vs high-affinity) conformations of this G-protein coupled receptor, some of which could be linked to signal transduction pathways associated with MVP formation, with others exerting opposite effects. Moreover, we examined the effects of treatment time on the release of MVPs from HaCaT cells. As shown in Fig. 1C , there is MVP release at 1 hr with slightly increasing numbers of MVP measured at 4 hrs. UVB-induced PAF agonists involve reactive oxygen species and can be blocked by antioxidants (7, 19, 22) . To test if UVB-mediated MVP involves PAF agonists, we tested the ability of antioxidants can block UVB MVP production. As shown in Fig. 1D , pretreatment of HaCaT cells for 1h with 0.5 mM N-acetylcysteine and 0.5mM Vitamin C blocked MVP release induced by UVB, yet did not affect CPAF-mediated MVP release. Our next studies were designed to test if UVB-mediated MVP production involved the PAF system. To that end, we employed the KB cellular model of PAF-R-positive and −negative cell types (9, 19) . As shown in Fig. 2 , UVB generated MVP formation only in PAF-R-positive KBP cells, but no appreciable differences were noted in MVP levels in PAF-R-negative KBM cells. Similarly, CPAF treatment only generated increased MVP production in KBP cells. These studies suggest that UVB-mediated generation of MVP formation in epithelial cells involves PAF-R signaling.
In summary, the present studies indicate that UVB can generate MVP production and that PAF-R activation from endogenous PAF agonists appears to be an important event in mediating this process. Given that MVPs could potentially serve a messenger function, MVPs from epithelial cells could be one mechanism by which UVB can generate systemic signals. Effect of UVB and CPAF on MVP release in HaCaT cells. HaCaT cells were either A) control (0) or UVB-irradiated at various fluences or B) control or various doses of CPAF. Four hours after treatment, the supernatants were removed and MVPs quantified as outlined in Methods. C) HaCaT cells were treated with 3.6 KJ/m 2 UVB or 100 nM CPAF or control (CON), and were harvested 1 or 4 hrs post treatment. D). HaCaT cells were preincubated with 0.5 mM of N-aceytcysteine and 0.5 mM Vitamin C for one hour before treatment with 3.6 KJ/m2 UVB or 100 nM CPAF. The supernatants were removed and the MVP levels were measured 4 hrs later. The data presented are the mean ± SD. MVP numbers of duplicate values from a representative experiment of at least three performed. *Statistically (p<0.05) significant changes from control values. NS: not statistically significant from control values. Effect of UVB and CPAF on MVP release in KBP vs KBM cells. KB cells stably transduced with functional PAF-Rs (KBP) or empty vector (KBM) were treated with 100 nM CPAF or irradiated with 3.6 KJ/m 2 UVB or control-treated. The supernatants were harvested at 4 hrs post-treatment. The data presented are the mean ± SD. MVP numbers of duplicate values from a representative experiment from at least three performed. *Statistically (p<0.05) significant changes from control values. NS: not statistically significant from control values.
